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The study attempted to show that the first grade 
'^child's learning in a new area must involve overt concrete 
experiences from which new ideas will be derived, Forty^nine 
students, assigned to six groups, were instructed on three scientific 
concepts. The verbal instruction technique was similar to that 
suggested in SCIS. The application segment involved actual 
manipulation of props and simple drawings. All tests were of the 
interview type modeled after Piaget's revised clinical techniques. 
General conclusions drawn include that while the first grader's 
science instruction must not be limited to pictures and reading, 
instruction must not be exclusivelj involved with actual 
manipulations of objects either. Diagnostic placement of a child into 
an instructional sequence with an appropriate ratio of 
manipulations/representations can be based on that child's cognitive 
structure in that area. (EB) 
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I n t rp d u c t i pjn^. 

The child whose concepts Fire in a preoperational stage of 
development in a certain area can use lanv^uage to represent 
objects and experiences, The child's- learnin^^ will progreJ^^?-3 
through direct manipulation of objects coupled wit;; verbal and 
nonverbal representations of those obj^:cts and inanipulations ♦ 
V/ith increasinf^ experience in tJiat sape area the child may pass 
into a concrete-operational sta^^^e and beconio able to manipulate 
and relate ideas in that area internally without overt manip- 
ulations of objects represejited by those ideas, However, tliose 
conc3?ete operations do depend on recent.ly prior concrete-eripirical 
experiences with thos-e objects: « I 



For the first V?;rade child 5 learning in a nev/ area must in- 
volve overt oonoreto experiences from v/hich the nev/ ideas 
(abstracticns ) will be derived. Extensions and associations of 



concrete experiences ^ In desiv[p*)in?; instructional i^aterials two 
nrob]. ems are 1) to determine the appropriate type of overt- 
concrete experience in the initial instruction and 2) to detoruiine 
the appropriate methodvS to refer to those concrete experiences 
in subsequent instruction e 

A paper pres^^ntod at the ,ann\ial meetin-?: of the National Associatior? 
for Research in Science Teachin<f:a Detroit/ liichir-^an, l^larch? lywj . 



those abstractions will be made in reference to those previous - 
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Qu Gab ions Poned 

!• V'hat differences in ccncopt inastery result from the use of 
pictures or manipulative props overt coicrete experiences in 
an initial in?5tructional sequence? 

2, V/hat is the relationship betv/een a child's cot';nibive 
structure in a conceptu?;.l area and the effectivne^xs—oi-- pictures 
vs manipulative props in siubsequei^t instruction in that area? 
3t If pictures and manipulative props arc equally effectJ^ive in 
a certain instance, wl^at other factors will influence which 
instructional tool to employ? 

Proc eedure 

Forth nine first ^e^rade children were stratified according 
to their reading ability and randomly assi.e;ned to six groups r TJie 
three conceptr-s in which the children would receive instruction 
v/ere 1) the amount of electric energy from a battery is directly 
related to the aniount of light energy observed from the bulb, 2) 
the amount of movement (kinetic) energy of a ball is directly 
related to ^the change that ball can cause in an object which it 
strikes, and 3) the amount of movement energy in a hand generator 
is directly related to the amount of light energy observed from 
its bulb* Figure 1 shows the treatments given to each group. 

In the first unit, the instruction segment (similar to the 
invention step in Science Curriculum. Improvement Study, SGIS) 
involved either 1) a verbal explanation of the idea that' eleetric 
energy comes .from a -battery and changes to light energy in a 
bulb and the amount of electric energy is directly related to" 
the amount of light energy observed or 2) that same verbal 



explanation accompanied by simple drawings. The application 
segment (similar to the ditjcovery stop in SCIS) involved either 
1) actual manipulation of batteries of different "sten^tlis" and 
a battery tester, or 2) simple drawinp;s of those batteries beiny^ 
tested. This same format v;aH followed for the second unit of 
instruction dealin.^ with kenetic ener^^y. 

All tests were of the interview type modeled after Piaget's 
revised clinical technique, The first two units of instruction 

occurred in the same session and were followed two weeks later by 
third unit whicn dealt with kinetic energy and liglrit energy in 

•a hand generator. In that unit the children were given a reminder 
of the "previous units. This reminder took the form of either 

1) manipulations -of the actual props used in previous units or 

2) simple drawings of those props, After the reminder, the children 
operated the hand generator and the verbal instruction only 
identified P^n instance of light energy and movement energy. 

The interview test which followed asked the- children to explain " 
the factor which was responsible for the degree of brightness 
of the bulb, Figure 2 shows the treatments each group received. 
Each of the original 6 groups was divided (randomly) in half and 
each half received one of the two treatments in this- third unit. 

Results 

Figures 3, and 5 shov/ the degree of concept attainment 
of each of the four groups or their subdivisions in each of the 
three concept areas. 

The control groups' in Figure 3' showed some concept mastery . 
but their pre and post test scores were lower than all other groups. 
The control groups "in Figure h showed much .less concept attainment 



than thoy had in tl^e first unit. In Figure 5 the control groups ■ 
again Ghowed very low mastery* 

Conclusions t 
j^igure 3 

a# The rclativo hiv^^h scores of the control pcroup on pre 

and post te??t indicates that those cliildren entered into 
this instructional unit v/ith a noticable ?imount of mastery, 

b# All instructional .^^rou-os showed substantially hi.9;her scores 
than the control ,f?:rcups but the instruction and appli- 
cation exDorience treatments resulted in similar 
concept attainiaent, ' 



Figure, 

a'. The relatively low scores of the control group on pre 

and post tests indicates that these children entered into 
this instructional area v/ith a relatively low degree of 
mastery e 

b. The instructional groups which manipulated actual objects 
in their applic^r-.tion experiences showed substantially 
higher mastery than the other £^*roupSt Group 3 made a 
better shov/in?^ than ^:roup''4. There seems' to be an 
analysis of variance type interaction betv/sen the type of 
. instruction and the type of a.pplication experience. 
Althouf^h there is nonparallelisrn, no striking interaction 
(crossing of lines.) is shov/n. 

Cc The bigger differences between treatment g:roups shov/n 
in Figure 4 as compared to those shov;n in Figure 3 ^^^^ly 
be the result of the different amounts of inference v/hich 
the children made about the drawings in those tv/o 
instructional areas. In the ''electric energy to liq:ht 
energy" instruction a primary factor was the light 
^ coming' from tlie bulb, Tiiis v;as easily shovm in the' 

drawings. During the pre test the control group children 
were asked to describe the pictures and t!\eir. descriptions 
indicated that they perceived that the drav/ings shov/ad 
bulbs with different amounts of light. Hov/ever, in the 
"kinetic er^er^r^y'* .instruction a primary factor was the 
movement of the ball and its im.pact on the 'obstacle « 
This factor v;as not as manifest to the children in the 
before-after drav/ings used in that instruction. The 
children v;ere reo^uired to infer motion and change from 
those -drav/ings. . 




Figure 5 > 

a» Group .showing highest con'cept attaininent in the 

previous units of inf^'tructioHf shov/ed highest ma^Btery of 
the "kinotic oncr^y to li.^ht enor^cry" concepts, Tho two 
typoJ^ of rominders had sitnilar influence?; on Group !• 

b» The" reminder involvin?-.: actual manipulation of objects 
was superior to t)ie reiTiinder inv ..ving only pictorial 
repre:iiGntationr; of thot-'e objectr for .groups 3 and 4» 
There seems to be an interaction between the degree of 
concept atlaimient and tho type of reminder u^ed. 
For the child with rnor.e knov/led.^e-, a picture raay work 
as well as an actual raanipulation in some instances.* 

Genera l Conclu :^i ons 

a* Concepts dealin.?; with energy are v/ithih the grasp of 
these young children* Because thio area of energy is i 
so iraportant to our society these concepts should be 
dealt with more often in the primary school science 
curx^iculum* 

bt V/hile the younpc child*s science instruction must not 

• bo liinited to pictures and reading-, that instruction nust 
not be exclusively involved with actual manipalations 
of objects either. Dia.??;nostic placerp.ent of a' child into 
an instructional sequence with an. appropriate ratio of 
'manipulations/representations can be based on a 
determination of that child *s cognitive structure in that 
area* 

c. Figure 6 speculates the cost effectiveness of various 
types of instruction for children of varyinfr cognitive 
structure^* Cost effectiveness is calculated as: 

(cost of curriculum materials) -l- (time and energy to 

implement material) 



Concept iuastery 



For some concepts ^ graphics may serve ^^the sam.e purpo-se as 
.more elaborate materials for. children with a higher 
degree of cofcnitive ( concept) .development in that area. 
These graphics would then have a lev; cost ef f ectivness . 
But for children with a less developed cognitive structure 
graphics v/ould be inferior to manipulative props, V/hile 
the cost of those graphics would be much re'ss^than the 
other materials , their cost eff ectivness v/ould be very 
high for those childrGiio The same v/ould be true, but 
in reverse order, for the cost' effectiwess of manipulative 
proT)s . 

O 
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Fif-ure Is Instructional "treatments in unit 1 for the six groupa 



Instruction Unit Is EJ.ectric Energy to Lidit Enor/^y 
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Figvnre 2: Instructional treatinents in uni't:' 3 for the six 'groups 



Instruction Unit 3: Kinotic Snerrcy to Light Energy 
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Figure 3. Concept attainment in unit 1 \-)y children recoivihr': 
different instruction and app3.ici-vl;ion treatments. 
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Figure Concept attainment in unit 2 "oy 'children receiving 
different instruction and application treatiaonts • 
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Figure 5. Concept attainment in unit 3 "l^Y. children receiving 
dil'fcrent rerainder treatments 
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Figure 6*. Cost effectivness of inanipulatlve props and graphic 
■ for learners v/ith various degrees of cognitive 
structure in. the area in which tliese instructional 
materials v/ould be usedc 
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